Tewksbury (2007) compared the performance of the Mayfield method to that of the more recently proposed logistic exposure method and found negligible differences between the results obtained by using the 2 methods. The Mayfield method can also be used effectively in studying the breeding biology of GRW. For example, Batáry and Báldi (2005) estimated the breeding success of GRW by using the Mayfield method, while Petro et al. (1998) calculated the percentages of failed and successful broods.
The breeding habits of GRW have already been discussed in several papers in the past 3 decades (Beier, 1981; Dyrcz, 1981; Woithon and Schmieder, 2004; Batáry and Báldi, 2005; Uzun et al., 2014) . This species is a common breeder in the middle latitudes of the western Palearctic; it usually inhabits the tall, dense, and strong reed Phragmites australis (Cramp, 1998) . Studies on the breeding biology of GRW have been mainly carried out on large ponds (Petro et al., 1998) , fishponds (Prokešová and Kocian, 2004) , lakes (Fisher, 1994; Woithon and Schmieder, 2004; Batáry and Báldi, 2005) , or canals (Mérő and Žuljević, 2009 ), but not on mining ponds. The first aim of this study was to explore the effects of reed burning, precipitation, and water level changes on breeding success and clutch and chick survival of GRW on a mining pond. The second aim of this paper was to present differences in breeding success in the early and late periods of the breeding season.
Materials and methods
The study was conducted on Bager Pond (UTM CR 57 22; 45. 788056°N, 19 .098333°E) in the suburban area of the town of Sombor, Vojvodina, northern Serbia. Sombor is a typical lowland area (89 m a.s.l. on average) with a semidry continental climate, with mean annual precipitation of 590 mm (range: 400-900 mm). The mean annual temperature is 10.7° C: it is warmest in July (mean monthly temperature of 21.1 °C) and coldest in January (mean monthly temperature of 0.8 °C) (Tomić, 1996) . The complex of 2 ponds (total area: 1.3 ha) was established in the 1960s at the location where clay was dug for the local brickyard. The water level in the pond depends on both the precipitation in autumn, winter, and early spring, and the level of groundwater. Water level mainly decreases throughout the summer and early autumn due to the evapotranspiration of reed. In 2009 about 85% and in 2010 about 50% of the reed was burned at the end of winter, while in 2008 and 2011 the reed was not managed. The pond is surrounded by meadows and cornfields (Table 1) .
Fieldwork was conducted during the breeding seasons from 2008 to 2011, i.e. from 25 May to 10 July 2008, from 23 May to 30 July 2009, from 20 May to 12 August 2010, and from 17 May to 31 July 2011. The whole area of the pond was completely surveyed for GRW nests. The nests were checked regularly at 6-day intervals in 2008 and 5-day intervals in 2009, 2010, and 2011 . During nest checks, the following data were collected: number of eggs, number of nestlings, number of lost eggs, number of lost nestlings, and number of fledglings; water depth was measured under nests. In cases when remains of eggs were found or nestlings had disappeared, we concluded that the nest had been predated. In all other cases, we recorded nest fate as "perished".
Breeding success was estimated by the Mayfield method (Mayfield, 1975) , where data on egg-days and nestling-days were used. In this study, we define "breeding success" as the probability that an egg produces a fledgling. Two of Mayfield's statistics, daily survival rate of eggs and of nestlings, were compared using J-tests (Johnson, 1979; Hensler and Nichols, 1981) . Nest survival was estimated by the Kaplan-Meier survival test. We used one-way ANOVA to compare mean clutch size and number of fledglings among the years. In this study, the breeding season is defined as the period between the finding of the first and last nests. The differences in survival among breeding seasons were tested with a log-rank (MantelCox) test. Mean clutch size, mean number of nestlings, and hatchability of eggs (Mayfield, 1975) were also calculated. The correlation between precipitation and breeding success was estimated for the entire breeding season by Spearman rank correlations. The proportion of lost broods due to bad weather circumstances or predation was tested (2008 and 2011) . Finally, we recorded the condition of the reed around the nest either as fresh reed that had grown up after burning or as mixed, unburned reed that consisted of both old and new reed. We estimated the number of breeding pairs by the number of nests found in managed or in unmanaged reed. This was possible because every individual was ringed with aluminum or colored rings (a few females were ringed only with aluminum rings) and could be linked to a nest (each was either recaptured at the nest or identified based on their colored ring code with binoculars or camera). Polygyny was also recorded, but in such cases we considered that each breeding female was one breeding pair. Statistical analyses were calculated in the R statistical environment software package (version 2.13.0, R Development Core Team, 2011) or with SPSS. Maps were drawn in ArcGIS (version 9.x), while the figures were formatted in CorelDraw X3 (version 13.0.0) software.
Results

General breeding success: egg and nestling survival
We found a total of 87 GRW nests in Bager Pond during 2008-2011. Mayfield breeding success for the 4 years averaged 0. 43 (0.48 in 2008, 0.67 in 2009, 0.17 in 2010, and 0.69 in 2011) . The maximum number of females per polygynous male was 2. The daily survival of nestlings and eggs did not differ (J-test, z = 1.29, P = 0.198). Although some nests were destroyed by predators (Little Bittern, Ixobrychus minutus; Grass Snake, Natrix natrix), most of the eggs and nestlings were lost due to cold, windy, and rainy weather (χ 2 = 3.86, P = 0.0495). Kaplan-Meier curves showed that nest survival was highest in 2011 (log-rank test, χ 2 = 30.23, P < 0.0001; Figure 
Breeding success in the Early and Late groups
Although most nests were found in the Early group (χ 2 3 = 14.78, P < 0.01), breeding success was higher in the Late group for the entire study time (χ 2 3 = 33.89, P < 0.0001; Table 2 ), probably because of significantly lower precipitation amounts for the Late group (χ 2 1 = 7.71, P < 0.01). Mayfield statistics suggested that daily egg survival was higher than daily nestling survival in the Late group in 2008 and 2010. However, differences in egg and nestling survival in the Early group were found only in 2011 (Table  2) . In other groups, there was no difference between egg and nestling daily survival ( Table 2 ). The overall daily survival of eggs differed between the Early and Late groups (z = 4.92, P < 0.0001; daily survival rate (DSR) of Early group: 0.96; DSR of Late group: 0.99), but not in nestlings (z = 1.55, P = 0.1208; DSR of Early group: 0.96; DSR of Late group: 0.98). Furthermore, we found that both daily egg and nestling survival rates were significantly greater in the Late group than in the Early group in 2009 (extremely low water depth; Table 1 ) and 2010 (extremely high water depth; Tables 1 and 3 ). In years with average water depth, daily survival of eggs and nestling did not differ between the groups (Table 3) . There was a significant negative relationship between breeding success and amount of precipitation (Spearman's rho = -0.76, P = 0.0368; Figure 3 ). The negative effect was mainly because of 2010, when total rainfall reached as high as 457.5 mm during the entire breeding season (Table 1 ). The rate of water level increase in the pond was so rapid in rainy periods that some nests were submerged in both the egg and nestling stages. while in unburned years there was no difference in egg and nestling survival between the groups (z = 1.35, P = 0.1781; DSR for eggs and nestlings in the Early group: 0.99; DSR for eggs and nestlings in the Late group: 0.98).
Discussion
Total breeding success for the 4 studied years (0.431) of GRW on Bager Pond did not differ significantly from that reported in other studies (Petro et al., 1998; Mérő and Žuljević, 2009) . At the Heřmanický fishpond (Czech Republic), breeding success was 0.468 (Petro et al., 1998) , and on large and small canals in northern Serbia, the average breeding success was 0.420 (Mérő and Žuljević, 2009 ). Hatching rate (0.927) was higher in our study than that of Heřmanický fishpond (0.653; Petro et al., 1998) , but was similar to that of a fishpond in Poland (0.887; Dyrcz, 1981) and to that of canals (0.940; Mérő and Žuljević, 2009 ). According to Petro et al. (1998) , eggs failed to hatch because some of them were not fertilized or the embryos died. Petro et al. (1998) also reported that 7% of the eggs vanished, and a similar proportion was predated or deserted. Our Kaplan-Meier survival curves showed that survival of nests was better in the 3 drier years (2008, 2009, and 2011) . Most nest failure occurred in our study due to bad weather conditions, mainly in 2010. The effect of weather may have been both direct (cooling and hypothermia of eggs/nestlings) and indirect (more time spent away by parents to search for food and/or higher activity by predators, resulting in higher nest predation rates). We presume that GRW clutches and nestlings are probably more important sources of food to predators in adverse weather when food is hard to find, e.g., when cold temperatures and rainy weather are present for several days. GRW nestlings are most sensitive to cold and wet weather, followed by low temperatures (Beier, 1981; Fischer, 1994) , so if the female parent is away from the nest for a longer time, the body temperature of the chicks will fall and the probability of mortality is higher. In cold and wet weather, the parents need more time to find food and to feed nestlings. Petro et al. (1998) identified 3 sources of nestling mortality: predation (4.3% of all nestlings), desertion (10.4% of all nestlings), and perishing (20.0% of all nestlings). The relatively high percentage of perished nestlings in Petro et al. 's (1998) study refers to chicks that died when the weather was bad during the nestling period.
Mean clutch size was generally higher in similar Central European studies than in this study on Bager Pond or in a previous study of ours on canals in Sombor (Table  4 ). The mean number of fledglings, however, was similar in this study to that found in most other studies, with the exception of studies by Hudec (1975) , Dyrcz (1981) , and Mérő and Žuljević (2009) (Table 4) .
Studies in the Czech Republic showed that the first eggs were laid in the first (2%), second (24%), and third (57%) 10-day periods of May and the first 10 days (17%) of June (Petro et al., 1998) . In our study, breeding began almost 2 weeks later than the first 10-day period of May. One exception was a 4-egg nest in 2011, which was found on 10 May. On the Milicz fishponds (Poland), the mean dates of laying of the first eggs were between 19 and 25 May over 6 years, and this was similar (21-24 May) for those of Swiss lakes, as well (Dyrcz, 1981) . The latter results are similar to those of our study, where 69% of nests were found in the Early group. However, our study is special in that egglaying also occurred in later periods of June, and there were a few nests containing eggs even in July. None of the Central European studies mentioned above reported egglaying so late in the season.
In this study, the overall survival of eggs differed between the Early and Late groups. However, eggs are better protected than nestlings from rainy and cold weather because the female does not leave the nest as often as in the chick-rearing period. We presume not only that the sensitivity of chicks to cold and rainy weather is (Figure 3) , which can be clearly seen in these 2 years (Figure 4) . If there is not enough reed area covered with water, GRW density decreases, because the quality of the breeding site is poor, e.g., breeding density in 2009 was only 7.7 pairs ha -1 . In the 2 years (2008 and 2011) when the water depth varied between 60 and 80 cm at the breeding site (Table 1) , the number of breeding pairs was much higher (Figure 4) .
The low breeding performance in 2010 meant that Bager Pond functioned as an ecological trap in that year. Despite the high breeding density, breeding success was very low due to high precipitation and rapid water level increase. Nevertheless, although water rapidly submerged nests, GRWs did not leave the reed habitat; they even occasionally raised a fourth brood. In an Oregon study, Spotted Towhees, Pipilo maculatus, preferred edges for breeding, where fledgling mortality was high due to predation by domestic cats, Felis catus, creating a severe ecological trap (Shipley et al., 2013) . Several studies have reported ecological traps established through anthropogenic habitat alteration or rapid environmental changes (Kokko and Sutherland, 2001; Battin, 2004; Lengyel, 2006; Robertson, 2012) . In our study, GRW had low breeding success in 2010, which had no impact on breeding density and success in the next breeding season. However, there are cases where ecological traps lead to deterministic extinctions (Kokko and Sutherland, 2001) .
Mean breeding density was higher in this study than in previous studies. Although reed was burned in 2009 and 2010, the mean breeding density was still relatively high (approximately 10.0 pairs ha -1 combined). In 2008 and 2011, when reed was not burned, density was about 4 pairs ha -1 higher (13.9 pairs ha -1 combined). Nest densities varied between 0.5 and 0.8 nests ha -1 at the Heřmanický fishpond between and 1979 (Petro et al., 1998 , between 1.5 and 3.1 pairs ha -1 in Poland, and between 0.4 and 2.3 pairs ha -1 in Switzerland (Dyrcz, 1981) . It seems that breeding density shows fluctuations even in native, unmanaged reed beds; however, we presume that these densities also depend on reed quality. Furthermore, these studies were done on large reed habitats such as lakes and fishponds (Dyrcz, 1981; Petro et al., 1998) , where densities differ greatly from canals (12.0 pairs ha -1 ; Mérő and Žuljević, 2009 ) and the reed habitat in this study. In our present study, the differences in breeding density are not only caused by reed burning but also by water level fluctuations. When reed is burned, male GRWs arriving back from migration compete for reed patches that remain standing after the burning. New reed gets strong enough for breeding only in mid-June. This difference in available breeding sites could be a reason why most nests were in mixed reed stands (Figure 4) . In 2010, nest density was extremely high (30 nests ha -1 ) because nests were destroyed by windy and rainy weather or were submerged because of rapid water level increase, and many nests were rebuilt close to the failed ones. In contrast, there were no quality breeding sites in 2009 because only small reed patches remained after the burn at the start of the breeding season, and water level was also low. Although we did not find differences in breeding success between fresh (burned areas) or mixed reed, other studies reported that mixed reed is denser and provides easier access for mammal predators (Dyrcz, 1981) . Recorded GRW nest predators were the American Mink Mustella vison (Bensch, 1993) , Marsh Harrier Circus aeruginosus, and Little Bittern (Dyrcz, 1981) . Disease or loss of one or both parents also can lead to nest failure (Beier, 1981; Fischer, 1994) . We found that new reed stems were not yet sturdy enough to hold the nests in the Early group, especially under rainy and windy conditions (personal observation). Our observations agree with previous ones in that GRW predominantly uses microhabitats where thick reed stems grow (Dyrcz, 1981; Graveland, 1998) . Dyrcz (1981) also concluded that GRW mainly requires mixed reed for breeding. Other studies also confirm the importance of mixed reed; e.g., the presence of reed passerines was lower in cut reed with much growth of new reed than in uncut mixed reed stands (Báldi and Moskát, 1995; Vadász et al., 2008) . However, according to Moga et al. (2010) , GRW preferred both burned and unburned reed areas.
Another interesting finding of this study is that clutches laid in the second half of the breeding season were more likely to survive. Our observations suggest that this may be because the weather was more stable and dry for the Late group than for the Early group. A few studies report that earlier clutches in several species are larger and their breeding performance is better (Pied Flycatcher Ficedula hypoleuca, Järvinen, 1989 ; first brood of Barn Swallow Hirundo rustica, Møller, 2002) , but some species show opposite trends, e.g., Collared Flycatcher Ficedula albicollis (Sheldon et al., 2003) , Great Tit Parus major, and Blue Tit Parus caeruleus (Winkel and Hudde, 1997) . Studies done on the breeding biology of Lark Bunting, Calamospiza melanocorys, concluded that variability of climatic changes (e.g., daily or seasonal precipitation and temperature) affects breeding success during the breeding season (Skagen and Adams, 2012) .
Although reed burning probably also affected breeding density, we conclude that water level is primarily responsible for the variable breeding density. Although reed burning did not affect breeding success, nestling survival was generally higher than egg survival in mixed, unmanaged reed. Despite the fact that there were 2 years with more precipitation in the Late than in the Early period (Table 2) , breeding success was higher in the Late than in the Early group. In general, precipitation affected breeding success negatively, e.g., through the cooling and hypothermia of eggs and nestlings or the flooding of the nests. Nowadays, reed management and its consequences on the breeding avifauna in reed habitats are important issues in conservation biology. Our results, which fill a gap in the knowledge of the breeding habits of the Great Reed Warbler, thus have high conservation relevance.
